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TECHNICAL NOTE NO. 77,6 



TIDEWATER AND WEATHER- EXPOSURE TESTS ON METALS 
USED IN AIRCRAFT 
By Willard Mutchler and W. G. G-alvin 



SUMMARY 



Tidewater and weather-exposure tests on various alumi- 
num alloys, magnesium alloys, and stainless steels arfc now 
being conducted "by the National Bureau of Standards, Ex- 
posures were "begun in June 1938 and, according to present 
plans, are to continue over a "-year period. The methods 
of exposure and the materials "being investigated are de- 
scribed and the more important results obtained up to the 
conclusion of the first year's exposure are reported. 



INTRODUCTION 



Although the basic objective of the exposure program 
is to determine the relative susceptibility to corrosion, 
under saline conditions, of a number of alloys used in 
aircraft, several other features are being simultaneously 
investigated. These features include a study of the cor- 
rosion behavior of riveted and welded assemblies, of vari- 
ous dissimilar alloys in contact with each other, and of 
certain surface treatments and paint "schedules" used as 
protective coatings • 

The tests embrace three* distinct research projects 
dealing, respectively, with the behavior on exposure of 
(I) aluminum-rich alloys, (2) magnesium-rich alloys, and 
(3) stainless steels, all in the form of sheet, thin ex- 
trusions, or castings. The programs for the first two ma- 
terials parallel each other rather closely, since the same 
features are being emphasised in the investigation of each. 
For this reason, in the present paper, the aluminum and the 
magnesium alloys are simultaneously considered as light 
metals, on the basis of the particular purpose for which 
the panels were designed. The stainless steels are sepa- 
rately discussed and the prime objective is to determine 
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which of several compositions is the most corrosion resist- 
ant under the conditions of the test. 



The authors wish to express their gratitude to the 
cooperating manufacturers who prepared the panels, namely, 
the Aluminum Company of America, the Low Chemical Company, 
the American Steel and Wire Company, the Carnegie-Illinois 
Steel Corporation, the Edward Gr , Budd Company, the Inter- 
national Nickel Company, the Bell Aircraft Corporation, 
Fleet wings Incorporated, and the Naval Aircraft Factory; to 
the cooperating officials at the Hampton Roads and Coco 
Solo Naval Air Stations; and tc the sponsors of the project, 
the Army Air Corps, the National Advisory Committee for 
Aeronautics, and the Bureau of Aeronautics of the Navy De- 
partment . 



EXPOSURE TESTS ON LIGHT METALS 



Pro cedure 



Materials,-' The chemical analyses of the aluminum and 
the magnesium alloys used in the investigation are given 
in table I, together with their conditions of fabrication, 
and the thickness. Details relative to heat treatment are 
contained in table II. The aluminum alloys of paramount 
interest are: (l) P. 4 S T , a duralumin-type material; (2) 
Alclad 24ST , in which a coating on both surfaces, consist- 
in^ of approximately 99.7 percent aluminum and constituting 
10 percent of the total thickness of the sheet, protects 
the 24ST core; (3) 53ST, essentially a binary alloy con- 
taining 1,25 percent magnesium; and, (4) 52S-1/2H, another 
binary alloy containing approximately 2.5 percent magnesium. 
The two magnesium alloys were: (l) Dowmetal M, essentially 
a binary alloy containing 1.4 percent manganese; and (2) 
Dowmetal 5, a ternary alloy with approximately 6.5 percent 
aluminum and 3 percent zinc. These names have been used 
throughout the report for convenience, although the results 
are believed to be typical of the class represented and not 
of the specific alloy used. 

5?Y£es of -pan el. - Ail the exposure panels were prepared 
by the cooperating manufacturers and have over-all dimen- 
sions of 4 by 14 inches (fig, l). The thickness of sheet 
panels is usually 0.040 inch, nut the thickness of extrud- 
ed, cast, or forged sections varies up to a maximum of 0.25 
inch (table I). Most of the panels were assembled in one of 
the three ways illustrated in figure 1: type 1 for the in- 
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ventilation of rivets or various paint schedules; type 2, 
for welds; and type 3, for dissimilar metals in contact. 
Seven panels of each kind were prepared, four for the tide- 
water tests and three for exposure to the atmosphere. All 
unpainted panels, prior to exposure, were cleaned free 
from grease in t ri chloroethylene vapor and were washed with 
alcohol . 

M ethods of exposure.- The tidewater and the weather- 
exposure tests were conducted at Boush Creek, at the Naval 
Air Station, Hampton Roads, Va . This site was selected De- 
cause of temperate climate and marine conditions. View-s 
of the exposure racks are shown in figure 2. The weather- 
exposure racks face northeast and are situated directly 
over the water, the bottom of the supports oeins; approxi- 
mately 2 feet ahove mean high tide. Panels are supported 
at an angle of 45°. 

The tidewater panels are mounted edgewise, with the 
flat surfaces vertical (fig. 5) with >akelite separators, 
each 3 inches long, to hold the panels upright. Each sep- 
arator was so designed that only four small projecting 
"points, " each 0,008 square inch in area, actually come 
into contact with the panel; hence, they permit adequate 
drainage. Both the panels and the separators are suspend- 
ed on hakeli t e-co vered monel-metal rods, which, in turn, 
rest in slotted monel-metal angles. Monel-mctal springs, 
next to the outermost separators on each end, assure con- 
tinued close contact of the separators with the panels. 

The tide range at the test site averages ahout 2-1/2 
feet and the tidewater panels are situated (fig. 2) in the 
middle of this range. They are therefore completely im- 
mersed at high tide and out of water at low tide for ap- 
proximately 5-hour periods twice every 24 hours. 

Salinity determinations on a sample of water from 
Boush Creek revealed that the chloride (Cl) content was 12.2 
parts per thousand, and the sulphate (S0 4 ) content 1.75 
parts per thousand, while the pH was 8.0. Ocean water 
contains approximately 20 and 2.8 parts per thousand, re- 
spectively, of chloride .and sulphate, and has a pH of 
8.0 - 8.4. The s vcple tested from Boush Creek prohahly 
represents the minimum salinity at that locality, since it 
was removed at low tide and after several days of inter- 
mittent rainfall. It is "believed that the Boush Creek 
water is comparable with ocean water as a corroding medium. 
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Inspections.- test panels were placed in the expo- 

sure racks during the week of June 11, 1938. Some of the 
panels that were nore susceptible to corrosion than others 
were withdrawn, from only the tidewater racks, after expo- 
sures of 2 days, 1 month, and 3 months. After an exposure 
of 7—1/2 months, a complete set of panels was removed from 
the tidewater racks, and some of the more susceptible pan- 
els were taken from the weather-exposure racks. At the end 
of the first year, another complete set was removed from 
the tidewater racks, and also a complete set from the 
weather-exposure racks (exclusive of those withdrawn after 
7-1/2 months. 

All panels in the tidewater tests gradually "became 
covered with a mixture of organic green slime and colloidal 
mud, out only a very few "barnacles were present at the end 
of the first year. The tidewater panels were cleaned, prior 
to examination, "by rubbing them with a soft scrub brush and 
hot water. Care was taken to preserve all corrosion prod- 
ucts in position as far as possible. The weather-exposure 
panels were not cleaned prior to examination but, in some 
instances, were lightly rubbed with a soft cloth to remove 
adhering dust . 

The progress of corrosive attack has been closely fol- 
lowed by means of macroscopic examinations and natural-size 
photographs of each panel. The results are presented in 
this report by reproductions of the photographs. Several 
of the panels will ultimately be dismantled to permit more 
thorough examinations of faying surfaces and to make such 
physical tests and microscopic examinations as are consid- 
ered nec.essa ry . 

The system for identification of the photographs in 
this report i s as follows. The larger letters at the tops 
or the bottoms of vertical columns apply to each column in 
its entirety. Similar letters on the right of horizontal 
rows likewise apply to the entire row. Smaller lettering 
is applicable either to all the photographs of a figure or 
to detailed units of each panel, the arrangement being ev- 
i dent . 

Investigation of Rivets 

JLtX§ t e d__alum i num - al lpy_pan e Is; . - A det e rmi nation was 
made of the electrolytic effects involved when rivets of 
53ST and anodized 17ST and A-17ST (table I, items 1? — 15) 
are used for joining 52S-1/2E, 53ST, Alclad 24ST, and an- 
odized 24ST alloys (table I, items 2 - 5). 
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Type 1 panels (fig. l) wore used throughout , and the 
faying surfaces were insulated with Neoprene PAW Tape, a 
fabric impregnated with synthetic chloroprene rubber and 
zinc chromate. All rivets were of the "brazier-head type 
conforming to Navy Department Specification 43R5"b, Type 2 , 
Class A, with a l/3-inch-diamet er shank. 

The 17ST and A17ST rivets were anodically treated in 
either one of two ways: 

(1) Anodized in a 9 -l/ 2 -per cent chromic acid electro- 

lyte for 30 minutes at 40 volts and at 35° C. 

(2) Anodized in a 15-percent sulphuric acid electro- 

lyte at 25° C, with a current density of 12 
amperes per square foot for 30 minutes. Sealed 
"by" impregnation with lead chromate formed by 
immersion in lead-acetate solution, washing, 
and then immersing in potassium dichromate so- 
lution. This treatment is commercially known 
as the Alumilite 205 process. 



Half the total number of each kind of rivet was an- 
odized by each of the methods, and the two types of coat- 
ing were alternated when rivets were driven on the panels. 
All of the anodization of 24ST sheet was done in the chromic 
acid electrolyte, with the exception of panels in which 53ST 
rivets appeared and upon which the sulphuric-acid electro- 
lyte was used. The corrosion resistance of the sealed al- 
umilite coatings was somewhat superior to that of the un- 
sealed chromic-acid coatings, which checks the results of a 
previous investigation (reference l). 

Withdrawals of the riveted aluminum-alloy panels were 
made after 7-l/2 and 12 months in the tidewater tests and 
after an exposure of 12 months to the weather. The tide- 
water tests - disclosed that both the anodized A-17ST and the 
53ST rivets were anodic with respect to 24ST alloy. Corro- 
sive attack was very severe, especially on the 53ST rivets, 
from which at the end of a year several heads had corroded 
completely off (fig. 4). On the other hand, corrosion of 
the* anodized 17ST rivets used with 24ST alloy was only in 
its initial stage after 1 year's exposure. No attack what- 
ever was observed after a year in tidewater on any of the 
rivets tested when they were used to join alloys 52S-1/2 H, 
53ST, or Alclad 24ST (fig. 5). Hence, the differences in 
potentials involved for these combinations, 'in salt water, 
are either very small or the alloy of which the main panel 
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consists is anodic with respect to these rivets. If the 
main panel is anodic with respect to the rivets, the sur- 
face area of the rivets was so small, as compared with 
that of the main panel, that no acceleration of attack on 
the panel material was noted. 

The tidewater tests showed that alloy 52S-1/2 H was 
the most resistant to attack, with alloys 53ST (sheet or 
extruded) and Alclad 24ST only slightly less so. Alloy 
24ST, anodized or untreated, was noticeably less resistant 
to attack. Unanodized forged 14ST panels (table I, item l) 
corroded in a manner comparable with other duralumin-type 
alloys. 

The initial withdrawals of the riveted aluminurj-al 1 oy 
panels in the weather-exposure racks occurred at the end of 
the first year (fig. 5). There was a marked difference in 
the behavior of these panels and those from the tidewater 
tests. No evidence appeared of accelerated attack on the 
rivet heads that could oc attributed to differences in po- 
tential . The attack of the anodized A-17ST and the 53ST 
rivets used to join ?4ST alloy was no worse than that of 
the anodized 17ST rivets. Both the main panels and the 
rivets possessed small localized areas of corrosive attack, 
particularly on their earthward surfaces. The anodically 
treated 24ST panels, however, were practically unattacked, 
indicating that no failure of the coating had yet occurred, 

11 I§ t e d__ mag n e s i ^r^l 2 oy_pan e 1 s Dowmetal M (table I, 
item 17) was selected as the main-panel material in the in- 
vestigation of the behavior of rivets on magnesium alloys. 
The rivets included 53ST and AM55S alloys (table I, items 
15 and 15). Anodized 17ST rivets (table I, item 13) were 
used on several type 3 panels, and information was there- 
fore obtained on their behavior. The type 1 panels were 
insulated with Neoprene PAW Tape at the faying surfaces; 
the type 3 panels wero uninsulated. All the magnesium- 
alloy panels were anodically treated in accordance with 
Navy Specification ?T13a, that is, anodized l/2 hour at 2 
amperes per square foot in an electrolyte containing 10- 
percent sodium dichr ornate and ?--oercent sodium phosphate 
a * a P$ °* 4.5. Prior to anodization, the panels were 
pickled for 5 minutes in a 15-percent solution of hydro- 
fluoric acid. Ail magnesium-alloy parts in the exposure 
tests were ^iven this protective surface treatment", unless 
otherwise stated. Since magnesium alloys would not be 
used on aircraft without the application of protective coat- 
ings, check sets of each panel were prepared in the painted 
condi t i on . 
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The tidewater tests on unpatented panels conclusively 
showed that AM55S rivets were the most satisfactory for 
joining magnesium alloys (fig* 7). The 5 3 SI and anodized 
17ST rivets reacted with corrosion products formed from 
Dowmetal II, and corrosive attack "began during the first 
day. At the end of 1 year, the heads had all corroded off 
the 53SI rivets, and the 17ST rivets had completely disin- 
tegrated; whereas, the AM55S rivets were still in good con- 
dition. Tests on unpainted panels were discontinued at the 
end of 1 year. 

The condition of the painted panels exposed to tide- 
water is also shown in figure 7. The paint schedule on 
the type 1 panels (table III, schedule S) differed slight- 
ly from that on the type 3 panels (table III, schedule 10), 
but "both schedules consisted essentially of an aluminum- 
pigment ed V10 varnish applied over a P27 primer. Paint 
failures began at the rivets after an exposure of about 1 
month and, though considerably more advanced, were still 
practically confined to these areas at the end of 1 year. 
It is probable that, had the AM55S rivets been anodically 
treated, paint failures on their heads would have been min- 
imized. 

The results of the weather-exposure tests (fig. 3) con- 
firmed those of the tidewater test, but corrosive attack on 
the rivet heads was very much less severe and the paint 
failures were much less advanced at the end of 7-1/ 2 months. 



Investigation of TCelds 

Welded aluminum-alloy -panels.- A study was made of the 
corrosion behavior of electric-resistance spot and seam 
welds and of gas welds on aluminum alloys. Welded panels 
were of type 2 (fig. l), but the overlapping faying sur- 
faces were absent on gas-welded panels, which were butt- 
welded. The alloys used for welded panels were Alclad 24ST, 
52S-1/2 H, 5SST, and extruded 53ST (table I, items 3 - 6), 
all without protective coatings. In both the weather- 
exposure and the tidewater exposure tests the welds proved 
very corrosion resistant, and withdrawals were made only 
at the end of 1 year. 5as welds were of the following com- 
binations : 



8 



N • A . C . A . Technical Note No. 736 



Alloys We ldefl Toother Filler Ho d 
&2S-1/2I sheet to itself 52S 
52S-1/2H sheet to 53ST sheet 2S 
52S-1/2H sheet to extruded 53ST plate 2S 
Extruded 53Sf plate to itself 53S 



The freedom from corrosive attack on the tidewater 
panels (fig, 9 ) indicated the absence of pronounced elec- 
trolytic potential effects. Attack on the weather- 
exposure panels was confined to small, localized areas, 
principally on unwelded parts of the panel, and mostly on 
the earthward surfaces. 

Spot-welded panels, on which dissimilar aluminum al- 
loys were joined to each other, are also shown in figure 
9. The corrosive attack on the welds was relatively very 
slight and no more than occurred on panels where alloys 
of the same composition were joined together (figs. 10 and 
11). In general, however, the spot welds showed slightly 
more attack than the gas welds, the greatest amount "being 
present on the panels and the least on the 52S-1/2H 

panel s . 

The seam welds tended to "be somewhat less corrosion 
resistant than the corr e sponfi ng spot welds. The worst 
attack, although not severe after a year in tidewater, oc- 
curred on the 53ST sheet material (fig. 10 ) . Both spot 
and seam welds were more corroded in the weather-exposure 
(fig. 11) than in the tidewater tests. 

Ie Ided magn egi/am-alA o x^ESIL^Lg V - The "behavior of Dow- 
metal M alloy, anodized after welding, is illustrated in 
figure 12. It will he noted that, at the end of a year in 
the tidewater tests, the spot welds were severely attacked, 
"both on painted and .unpaint ed panels. Corrosion "began 
within 2 days after installation on the unpainted spot 
welds and within a month on the painted spot welds/ Cor- 
rosion at the unpainted gas welds was no worse than on the 
rest of the panel hut, on the painted panel, failure oc- 
curred^ at the weld. The superiority of gas-welded over 
electric-resistance spot-welded Dowmetal M was also appar- 
ent from the weather-exposure test (fig. 12), hut the" attack 
was less severe. 
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Contacts with Dissimilar Metals 

The frequent necessity, in aircraft construction, of 
contacts of dissimilar metals, makes the portion of the 
program devoted to the potential effects involved in such 
contacts of extreme importance. In order to obtain basic 
information, no insulating materials were used at the fay- 
ing surfaces and the panels were not painted. Panels were 
of type 3 (fig. l), with two 4- by 1-inch strips of the 
dissimilar alloy joined to the main panel at each end. 
Since the ratio of the areas of the dissimilar metals is 
often a determining factor in the resulting corrosion, 
many of the panels were prepared in such a way that the 
ratio was reversed with respect to each metal. If, for 
example, alloy A formed the main panel, and alloy B the^ 
strips, in one instance; in another, alloy B was the main 
panel and A the strips. 

C ontacts of aluminum al lays w^h eac h- other . - The t i de 
water tests revealed that the potential differences were 
relatively low in various two -member combinations of alloys 
52S-1/2H, 53ST, and Alclad 24ST (fig. 13). Bach of these 
alloys, however, was anodic to 24ST and was attacked when 
in contact with it (fig. 14). Potential differences were 
highest for the 52S-1/2H and 53ST alloys, and these were 
very severely attacked when in the form of a 1-inch wide 
strip fastened to the main panel of the alloy 24ST . With 
the surface area relationships reversed, however, corrosion 
was much less severe. 

Contac t s of aluminum alloys wi^h plated steel • - On a 
number of panels of aluminum alloys, a 1-inch strip of 
zinc- or cadmium-plated S.A.E. X4130 steel was used as the 
contacting dissimilar metal. The elect rodeposited coating 
in each case was 0.0005 inch thick. Aluminum alloys 
52S-1/2H, 53ST, and Alclad 24ST appeared anodic, or pro- 
tective, to cadmium in both the tidewater and the weather- 
exposure tests (fig. 15 )« The aluminum alloys, however, 
were not severely attacked. Zinc, on the other hand, was 
anodic to the aluminum alloys, being more so to the 52S- 
l/2H and the 53ST alloys than to the Alclad 24ST and 24ST 
materials. The zinc coating was almost completely removed 
by corrosipn when in contact with the 52S-1/2H, 53ST, or 
Alclad 24ST panels; whereas, the cadmium coating, in con- 
tact with the same alloys, was practically unattacked. 
Both the coatings suffered severe corrosion when in con- 
tact with 24ST alloy. 
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Contacts pf aluminum all oys with stainles s steel . - 
Coupling;? of the aluniirmn alloys with stainless steel 
(table V, item 2) are shown in figure 16. The tidewater 
tests disclosed that stainless steel was definitely ca- 
thodic to the aluminum alloys, although a decided area 
effect was apparent. When the steel formed the main pan- 
el, the attach on the aluminum alloys was very much more 
severe than when the conditions were reversed. Potential 
differences appeared to be lower "between the steel and the 
Alclad 24ST and 52S-1/2H alloys out, even in the weather- 
exposure tests, appreciable corrosive attack occurred. 

A series of panels was included, at the request of 
the Bureau of Aeronautics, only in the tidewater tests, in 
which various methods of insulation at the faying surfaces 
were studied. Panels of type 1 (fig. l) with stainless- 
steel strips (table V, item 9) were used on the following 
painted (tabic III, schedule 7) aluminum alloys; 52S-l/2H f 
anodized 17ST, anodized 24ST , Alclad 17ST; and on unpaint- 
ed Alclad 17ST. Type A.H430-D Thomson head, anodized 1WI 
rivets, were used throughout . The insulation systems at 
the faying surfaces wore: 

(1) No insulation. 

( 2 ) ?ou;r sheets 0.002-inch aluminum foil, Navy Spec* 
lfication A611074, Grade A, with, aluminum washers, Type 
AIT96 0-.a.-6 , under rivet heads. 

(3) Cellulose Tape, Type 7278T, Minnesota Mining and 
Manuf a c t u r i ns Co rap any . 

(4-; Grade A cotton Fabric, Navy Specification A05-97, 
impregnated with Kauri (Pakelite Type) seam compound.' 

(5) Grade A Cotton Fabric, Navy Specification AC6-97, 
impregnated with commercial soyabean oil and Dulux Clear 
Spar Varnish, Navy Specification 711c (l/2 plus i/2). 

(6) Grade A Cotton Fabric, Navy Specification AC6-S7, 
impregnated with Bitumastic, Typo 123. 

After a year in the tidewater tests, the panels were 
removed, cleaned, inspected, and reinserted. No photo- 
graphs were takein, but the following constituted the more 
important conclusions : 

(l) ffhc stainlesr-st eel strips showed no attack on 
any of the panels. 
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(?.) Rivet heads were practically uttaft tacked on (a) 
all unpainted Alclad 17ST panels, irrespective of the sys- 
tem of insulation, and (b) all panels where the insulat- 
ing medium was aluminum foil. 

(3) Rivet heads were all fairly severely attacked on 
painted panels of Alclad 17ST, 17ST, and 24ST alloys, ir- 
respective of the system of insulation. Rivet heads on 
52S-1/2H panels were appreciably less attacked. 

(4) Failures, extending l/4 inch inward from the 
edges, were prevalent on all painted panels except 52S- 
l/2H, on which failure was in only the initial stages. On 
painted panels, less corrosion products were present on 
the 52S-I/2H and Alclad 173T than on the remaining alloys. 

(5) As judged "by the quantity and the distribution 

of corrosion products present around the edges of the stain- 
less-steel strips, the best systems of insulation were those 
in which impregnated cotton fabric was used. When impreg- 
nated with soya-bean oil plus varnish or with Kauri seam 
compound, the amount of corrosion products was relatively 
small and occurred afc small local areas. When impregnated 
with bitumastic, the attack tended to be somewhat more gen- 
eral . 

(5) The cellulose tape, aluminum foil, and noninsu- 
lated systems were relatively inefficient. Corrosion prod- 
ucts were present in considerable quantity and were distrib- 
uted more or less generally. 

Contacts of aluminum al 1 oy s _wi th_ni ckel_alloy_s . - The 
aluminum alloys were used as the 1-inch-wide contacting 
strip on a series of main panels consisting of nickel, 
rnonel metal, and Inconel. The tidewater and the weather- 
exposure tests revealed that the aluminum alloys were anod- 
ic toward these nickel alloys and were severely attacked 
when in contact with them (fig. 17). The potential dif- 
ferences involved were apparently of the same magnitude as 
those between the aluminum alloys and the stainless steel 
and indicate the advisability of insulating such contacts 
in practice. 

Contacts of aluminum alloys with magnesium al loys • - 
The tidewater tests demonstrated that the magnesium alloys 
were anodic to the aluminum alloys and that the potential 
differences were very high. Extremely rapid attack oc- 
curred, accompanied b: deposition of corrosion products on 
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the aluminum alloys? several unpainted panels were with- 
drawn after an exposure of 2 days* The Dowmetal M alloy 
was more rapidly attacked than the Dowmetal H alloy, the 
reverse of which was true when these materials were not 
in contact with dissimilar metals. 

Mi croanalyt i cal tests showed that basic magnesium 
carhonate was the principal product deposited on the alumi- 
num alloys, together with approximately 3 percent of sodium 
chloride. The resulting coatings were exceedingly corro- 
sive toward the aluminum alloys and, on unpainted panels, 
all the 1-inch-wide aluminum alloy strips were completely 
disintegrated "by the end of the sixth month. The ultimate 
corrosion product on the aluminum-alloy strips consisted 
of hydrated aluminum oxides and small amounts of magnesium, 
sodium, and chloride ions. The disintegration of alloy 
'24ST, when it constituted the main panel and Dowmetal M the 
strips, was complete after 3 months, the metal "being en- 
tirely converted into corrosion products. 

Potential differences were highest "between the magne- 
sium alloys and the 24ST and the Alclad 24ST alloys and 
lowest with magnesium alloys and the 53ST and the" 52S-1/2H 
alloys. The 53ST and the 52S-1/2H alloys are to be pre- 
ferred when the use of aluminum in contact with magnesium 
alloys is necessary. Under severe corrosive conditions, 
however, the coupling of these materials is inadvisable. 
Tests on the unpainted panels were discontinued at the end 
of the first year, owin. to the severity of the attack 
(fig. 18). 

The insulation afforded by the paint coatings was in- 
sufficient to prevent fairly rapid attack in the tidewater 
tests. On the painted panels, paint failure on the alumi- 
num alloy strips was practically complete at the third 
month, and the attack thereon was severe at the end of a 
year (fig. 19). 

In the weather-expo sure tests, on unpainted panels, 
the 1-inch-wide contacting strips of Dowmetal M on 24ST, 
Alclad 24ST, and 53ST alloys were completely disintegrated 
at the end of 6 months; similar strips were fairly severe- 
ly attacked when joined to alloy 52S-1/2H. Under the same 
conditions, however, Dowmetal H strips were very much less 
attacked and were in no case disintegrated. When the Dow- 
metal alloys constituted the main panels and the aluminum 
alloys the strips, severe corrosion at the faying surfaces 
occurred only with the Alclad 24ST and 24ST combinations. 
On the painted panels, failures were relatively small after 
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a year f s exposure, "being greatest on the Alclad 24ST and 
24ST strips (fig. 19). Hence, with adequate insulation at 
the faying surfaces, provided that corrosive conditions 
are not too severe, these alloys could probably "be used 
together successfully . 

Contacts of magnesium alloys wi t h_ each_o t he r . - The re- 
sults of the action of Dowme t al s U and H, when in contact 
with each other, are shown in figure 20. The tidewater 
tests revealed that Dowmetal M was anodic to Dowmetal H, 
and strips of the former disintegrated entirely, even on 
painted panels. In the weather-exposure tests, however, 
the attack was not severe, even on unpainted panels. Un- 
der relatively mild corrosive conditions, therefore, these 
couplings should give satisfactory service when given a 
protective paint coating* 

■Contacts of magnesium alloys with s t ainl e ss_.st eel s • - 
The coupling of magnesium alloys with stainless steel (ta- 
ble V, item 2) proved the worst of all the dissimilar metal 
contacts tested, as the magnesium alloys were very severely 
attacked (fig. 20). Immediately after the first tidewater 
had covered the panels, violent bubbling of the water oc- 
curred, and the reaction was audible for a distance of ap- 
proximately 15 foot. The Dowmetal M was attacked somewhat 
more rapidly than the Dowmetal H. An adherent white corro- 
sion product was deposited on the steel; the deposit was 
0.004 inch thick at the end of 2 days. The white deposit 
gradually became removed and the underlying steel was un- 
attacked. When the main panels consisted of Dowmetals, 
they were attacked so severely around the edges of the 
stainless steel strips that most of the latter ultimately 
fell off. The appearance of panels at the end of a year 
in tidewater tests, and of 7-1/2 months in weather-exposure 
tests, is shown in figure 20. The attack was much less se- 
vere on the weather-exposure than on the tidewater panels, 
and failures on the painted panel,s were not very far ad- 
vanced after 7-1/2 months. 

Investigat ion of Protective Coatings 

For the investigation of protective surface coatings, 
panels of type 1 (fig. l) were used. The paint schedules 
(tables III and IV) were applied by the cooperating manufac- 
turers who prepared the panels. The main body of each pan- 
el, and the strips attached thereto, were of the same alloy. 
Prior to assembly, the strips and the main panel were sepa- 
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rately painted with all except the finish coat, which was 
applied after assembly, Hivets were ?iven a M touch-up" 
with primer before the finish coat was applied. 

F'llllt s_on_anp dj^Led .^l^£]iiip^_allp^_s . - A rather compre- 
hensive research on the protection of aluminum alloys hav- 
ing already been completed (reference l), only a few paint 
schedules, thought to he superior, were included in the 
present tests. All paints were applied to anodized 24ST 
alloy, and the strips were joined with anodized 17ST riv- 
ets. Panels were removed from the exposure racks only at 
the end of the first year (fig. 21). So failures on any 
of the paint schedules were in evidence on the weather- 
exposure panels. Likewise, in the tidewater tests, no 
failures were chserved when two coats of 711 or V10 var- 
nishes were applied over a P27 primer (table III, sched- 
ules 3 and 4), nor when three coats of VI 0 varnish (tahle 
III, schedule 5) constituted the schedule. Paint failures, 
entailing failure of the finish coats to adhere to the 
primer, were beginning with the L12a lacquer on a P27 prim- 
er (tahle III, schedule l) and the 52715 varnish on a P23 
primer (tahle III, schedule 5). The 52715 varnish on a P27 
primer (tahle ill, schedule 2) was in much "better condi- 
tion, hut there were indications of failure in its earli- 
est initial stages. To date, the tests have clearly in- 
dicated that properly protected duralumin alloys are very 
resistant to extremely corrosive conditions. 

§^^^CQ^rjatment s.ana paints an m agnesium alloyg • * 
The protective surface coatings on the magnesium alloys 
were applied with two aims in view, namel3 r , to determine 
(l) the relative efficiencies of the various paint sched- 
ules and (2) the relative merits of the "chrome-pickle" 
and the anodic surface treatments. The panels consisted 
of either Dowmetal M or E throughout, with the exception 
of ^ the rivets, which were unanodized AM55S alloy. The an- 
odic treatment was performed in accordance with Navy Depart- 
ment Specification PTl"a, as described earlier in this re- 
port. Extensive laboratory tests performed at the National 
Bureau of Standards have shown that improved corrosion 
resistance and bot-ter paint adherence generally result if 
the anodic treatment is applied for 1 hour, rather than for 
30 minutes, as required in the specification. The chrome- 
pickle treatment entailed immersion of the panels for ap- 
proximately 2 minutes at room temperature in a hath con- 
taining 1.5 pounds of sodium dichromate and 1.8 pints of 
concentrated nitric acid (specific gravity 1.42) per gallon 
of water. 
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The surface appearance of panels initially included 
in the program and exposed for 1 year to tidewater (fig. 
22) indicated the possibility of using the alloys under 
relatively severely corrosive conditions, provided that 
the test available" surface treatments and protective paint 
coatings are utilized. 

Complete paint failure occurred on all the unanodized 
aluminum" alloy^AM55S rivet heads in approximately 3 months. 
The need for anodizing these rivets was apparent and some 
check panels on which this precaution was taken have re- 
cent ly" "be en inserted in the racks. Initial paint failures 
also occurred during the third month's exposure only on 
the magnesium alloys with the inferior paint schedules. 

For all practical purposes, the chrome-pi ckle ^ and the 
anodic surface treatments were equally efficient with re- 
spect to paint adherence, although on Dowmetal H paint 
failures were generally somewhat more advanced on the ano- 
di z ed panels . 

It will he noted (fig. 22) that, except for failure 
around the rivet heads, two of the paint schedules afford- 
ed relatively excellent protection after a year's exposure 
in tidewater (table 1 1 1 ,~ schedules 10 and 12). This re- 
sult attests to the considerable progress made in the de- 
velopment of methods for the protection of magnesium al- 
loys"; only a few years ago it would have been considered 
impossible to protect these materials for as long a time 
under such severely corrosive conditions. It is noteworthy 
also that, while five of the paint schedules included fin- 
ish coats of aluminum-Digment ed varnishes that conformed 
to Navy Specification 710, two of these proved much superi- 
or to the'others. It follows that conformity to this spec- 
ification is not necessarily an assurance of the highest 
merit attainable in a varnish. 

In the weather-exposure tests (fig. 23), after a year, 
paint failures were confined to the AM5 5S rivet heads, ex- 
cept on two of the inferior schedules (table III, schedules 
5 and 6), irrespective of the method of surface treatment, 

A series of annealed Dowmetal M panels, prepared by 
the Bell Aircraft Company at the request of the Bureau of 
Aeronautics, was exposed to the weather, but not in the 
tidewater te'sts, at" both Hampton Roads and Coco Solo. The 
paints, in each instance, were applied to chrome-pickled 
and anodized (PT13a) surfaces. In this series of panels, 
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paints applied to anodiaed surfaces were in better condi- 
tion at the. end of the year than those on chrome— pi ckled 
surfaces* two finish coats were applied over a P27 primer 
and all the paints were Berry Brothers 1 products (tahle 
III, schedules 14 - 2?,). The tests were" discontinued at 
the end of a year, owing to the fact that paint failures 
were more or less general on all the panels (figs'. 23 and 
24). 

The tests again emphasised the need for careful selec- 
tion of paint schedules. For example, the use of unpig- 
mented lacquers or varnishes applied to untreated surfaces 
(fig, 2X) resulted in more or less uniform corrosion of • 
the metal. Baking treatments afforded little, if any, im- 
provement in protection. Although the corrosive attack 
was somewhat less whea surface treatments were also util- 
ized, the inferiority of the unpigmented paint coatings 
was evident. The orange-yellow and the Navy gray pigments 
in the L12 and Li?.a lacquers and in the S4D and E51 enam- 
els (fig. 24) also proved unsatisfactory. These coatings 
were "badly cracked and chalked at the end of the year. 
The aluminum-pigment ed vehicles afforded the "best protec- 
tion, hut failures were quite numerous on these. 



EXPOSUSE TESTS 07 STAINLESS STEEL 
Materials and Procedure 



The principal purpose of the exposure tests of stain- 
less steel was to establish the relative corrosion resist- 
ance^ of the 18-8 type alloys, with and without additions 
of the customary alloying elements, such as columhium, 
molyhdenum, and titanium (tahle V). One alloy containing 
slightly higher quantities of chromium and nickel and an- 
other nominally containing 16 percent chromium and 1 per- 
cent nickel were also included. The stainless steels were 
in sheet form, 0.018 inch thick. All of the sheets, with 
the exception of the 16-1 chromium-nickel alloy, had pol- 
ished finishes. All were passivated for a^-oroxiinately 1 
hour in 20-percent nitric acid at ahout 60°" C. Faying sur- 
faces were protected with a petrolatum paste containing 
co-pver. The electric-resistance shot welding was done hy 
the Edward G . Budd Company. Each weld was ruhhed lightly 
with emery to remove layers on which carhide precipitation 
might have occurred. 
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For each alloy, seven shot -welded panels of type 2 
(fig. l) were exposed, along with seven unwelded 4- "by 14- 
inch sheets. Four panels of each type were exposed to 
tidewater and three of each to the atmosphere. Complete 
sets were withdrawn from the racks after 7-1/2 months and, 
from the tidewater racks, after a year. 

Supports for tidewater testa *- Most of the panels of 
stainless steel wore supported in the tidewater racks in 
the same manner as the light metals (fig* 3), except that 
thin copper shims kept the bakelite separators from contact 
with the steel, A number of panels of straight 18-8 alloy 
were suspended in the tidewater racks "between separators of 
materials such as wood, glass, hard rubber, "bakelite, monel 
metal, copper, and brass* For each supporting material, 
panels were suspended "by the "four-point" method used in 
the main program and also so that contact was established 
with the stainless steel over an area of approximately 1 
square inch. 

The tests have shown that any of the materials used 
are suitable for suspending stainless steel in tidewater 
tests, provided that the four-point method is used. Where 
the areas of contact were relatively large and no provi- 
sion was made for drainage, "inert" materials- such as wood, 
glass, hard rubber, and bakelite were relatively unsatis- 
factory (fig. 25), even though springs kept the suspending 
mediums in very close contact with the steel. Painting of 
wood and bakelite separators tended, if anything, to in- 
crease the severity of the attack. Monel metal, brass, or 
copper separators proved satisfactory irrespective of the 
method of suspension, or whether a complete electric cir- 
cuit was possible. Owing to the possibility that they may 
influence the rate of attack on the panel, because of po- 
tential differences and the existence of electric circuits, 
it is deemed unwise to use dissimilar metals for supports 
in tidewater tests. 

Results of Tests 

Corrosion was much more noticeable on the stainless- 
steel panels exposed to the weather than on those in the 
tidewater tests. Panels exposed to the weather became 
covered more or less uniformly with thin, but adherent, 
rust films (fig. 26). The rust formed during the first 
month and gradually became slightly thicker during the 
year. Accumulation of dust and soot may have been partly 
responsible for the corrosion. 
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The quantity of rust present on the 16-1 chromium- 
nickel alloy was greater than on the others. The straight 
13-8 and 19-9 types and the 18-8 type containing columbium 
or titanium all "behaved approximately alike, and the rust 
film thereon was quite thick after a year. The amount of 
rust on the molybdenum-containing steel was very much less 
than on the others, and it was clearly the ^ost corrosion 
resistant (fig, 26). 

It may also "be observed (fig. 26) that, in several in- 
stances, there was considerably more rust on the shot welds 
than on the rest of the -panel. This rust, however, was not 
associated with deep pits. It is therefore probable that 
the physical properties of the sheet were not adversely af- 
fected, although it" is planned to check this result by 
means of fiexural fatigue tests on uncorroded and corroded 
panels. The welds on the molybdenum-bearing steel were 
much less rusted than on the others. 

Corrosive- attacfe on the tidewater panels (fi§« 27) 
was slight and was confined to a few small localized areas. 
An exception was the 13-1 chromium-nickel alloy on which 
several areas of rust occurred. Two rusted areas, each 
roughly 1/ 2 inch in diameter, were present on panels of 
the straight 18-8 and 19-9 types, but these areas are 
scarcely suf fi ci ent evidence to warrant the conclusion 
that these materials are less corrosion resistant than the 
other alloys. A few of the g tft welds showed some attack 
but no mere than on the remainder of the panel. 

In view of the superior corrosion resistance of the 
molybdenum-containing steel in the weather-exposure tests, 
additional panels were inserted at the end of the first 
year. These panels include two alloys, one with 2,7 per- 
cent, and the other with 3.5 percent molybdenum (table Y, 
items 10 and 11 ). In addition to the determination of the 
relative merits of the higher and lower molybdenum con- 
tents, the tests will furnish information on the effective- 
ness of various surface treatments and of copper- and alu- 
minum-bearing pastes at the faying surfaces. A series of 
stainless steels of various compositions is also being in- 
serted in the tidewater racks at monthly intervals, in or- 
der to ascertain whether the reason of initial exposure 
ultimately influences the rate of corrosion. 
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CONCLUSIONS 



The conclusions that follow are principally "based upon 
the "behavior of the various materials when subjected to 
extreme saline conditions, as exemplified "by the tidewater 
tests. The corrosion "behavior of a metal is always a func- 
tion of a specific combination of a number of variables. 
In the present investigation, for example, marked differ- 
ences sometimes occurred in the corrosion of presumably 
identical panels, depending upon whether they were exposed 
in the tidewater or the weather-exposure tests. In fact, 
in a few instances the corrosive attack was more severe on 
panels exposed to the weather, which normally would "be re- 
garded as a less severe method of test. It is highly prob- 
able that, in general, under mild, nonsaline conditions of 
exposure, corrosion would have been ver;>* much less severe. 
Drastically different exposure conditions, such as are en- 
countered in industrial centers, would also influence the 
corrosion behavior. 

1. Alloy 52S-1/2K proved the most corrosion resistant 
of the aluminum alloys tested and also the one least at- 
tacked when in contact with other aluminum alloys, magne- 
sium alloys, or stainless steels. Alloys 53ST, Alclad 24ST, 
and Alclad 17ST were likewise very resistant, but the two 
Alclads were somewhat more susceptible to attack when in 
contact with dissimilar alloys. Alloys containing copper, 
such as 17ST, 24ST, and 14ST, were much more susceptible 

to corrosion, especially when in contact with dissimilar 
metals. 

2. Downetal M proved more resistant to corrosion than 
Dowmetal H, but the reverse was true when these magnesium 
alloys were in contact with dissimilar metals. 

3. Stainless steel that contained molybdenum proved 
more corrosion resistant than did those with additions of 
columbium or titanium, or than those without additional al- 
loying elements. An alloy containing 1G percent chromium 
and 1 percent nickel was much more susceptible to corrosion 
than the others. The stainless steels corroded worse in 
the weather-exposure than in the tidewater tests. 

4. In general, the magnesium alloys proved much more 
susceptible to attack than either the aluminum alloys or 
the stainless steels. 
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5. Anodized 17ST rivets proved far "better than ano- 
dized A17ST or 53ST rivets for joining aluminum alloy 24ST , 
hut all three were satisfactory for joining alloys 52S- 
I/2H, 53ST, or Alclad 24ST. 

6. AM55S rivets proved far superior to 53ST or ano- 
dized 17ST rivets for joining magnesium alloys. 

7. On aluminum alloys 52S-1/2K, 53ST, and Alclad 24ST, 
joined to themselves or to each other, gas welds proved very 
resistant to corrosion. Spot welds tended to he somewhat 
more susceptihle to attack, while seam welds were consider- 
ably more susceptihle. Welds on 53ST alloy were more prone 
to attack than welds on the other two. 

8. On Dowmetal M spot welds were very susceptihle to 
attack out gas welds were quite resistant. Gras welds, an- 
odized out unpainted, were in quite good condition after a 
year in the tidewater tests. 

9. Heavier formations of rust tended to form on the 
sjaot welds of stainless-steel panels exposed to the weather, 
than on the unwelded portions of the sheet. TCelds showed 
the least rust on the molybdenum- containing steel. 

10. Alloys 52S-1/2H, 53ST, and Alclad 24ST proved 
suitable for contact with each other, hut all were anodic 
to alloy 24ST and were attacked when in contact with it. 
They were more severely attacked when their areas were 
small as compared with that of alloy 24ST, in which case 
alloy 52S-1/2E was very badly attacked. 

11. Zinc coatings, elect rodepo si t ed on S.A.S. X4130 
steel, proved unsatisfactory for contact with aluminum al- 
loys, and were severely attacked. Cadmium-plated coatings 
proved satisfactory for contact with aluminum alloys 52S- 
1/2E and 533? in the tidewater tests, and also with alloys 
Alclad 24ST and 24ST in the weather-exposure tests. 

12. The aluminum alloys were all anodic to nickel 
and to nickel alloys such as monel metal and Inconel , and 
wore severely attacked when in contact with them. The 
monel metal and the Inconel themselves proved very resist- 
ant in the tidewater tests, with nickel only slightly less 
so. The nickel alloys discolored to a mottled "brown in 
the weather-exposure tests. 

13. The aluminum alloys were all anodic to stainless 
steel, potential differences hein^ of approximately the 
same magnitude as with the nickel alloys. Attack on the 
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aluminum alloys was nuoh less severe when their areas were 
large as compared with the steel. 

14. The magnesium alloys were very anodic to stain- 
less steel and were very rapidly attacked when in contact 
with it, 

15. Cotton fabrics impregnated with soya-bean oil and 
varnish or with a Kauri seam compound proved satisfactory 
for insulating the faying surfaces of panels consisting of 
stainless steel and painted aluminum alloys. Such insula- 
tion, however, occasionally resulted in more severe corro- 
sion of rivet heads than occurred when no insulation was 
used. Cellulose tape, or aluminum foil, proved inadequate 
for insulation, 

16. The magnesium alloys were very anodic to all the 
aluminum alloys and corroded with the formation of a prod- 
uct which, in turn, was very corrosive to the aluminum al- 
loys. Alloys Alclad 24ST and 24ST were very badly affected. 

17. Downetal M alloy was anodic to Dowmetal H alloy. 

18. Good grades of varnishes conforming to Navy De- 
partment Specifications V10 or 711, and applied over P-27 
primers, adequately protected anodized 24ST alloy in the 
tidewater tests . 

19. The chrome-pickle and the anodic treatments (PT13a) 
on magnesium alloys were practically equally efficient in 
promoting paint adherence. Where dimensional changes are to 
be avoided, however, the anodic treatment is recommended. 

20. The tests demonstrated that rt i ; s possible' to 
protect magnesium alloys adequately against very severe 
corrosive conditions, but that the choice of surface treat- 
ment and pa,int schedules is restricted to a few combina- 
tions. Some aluminum-pigment ed varnishes that conformed to 
Navy Department Specification T10 afforded adequate protec- 
tion, while others that also conformed to the specifica- 
tion, failed. Clear lacquers and varnishes and those not 
pigmented with aluminum powder generally failed within a 
short time. 

National Bureau of Standards, 
September 28, 19.^9. 
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TABLE I. Chemical Composition of Alwdn-um Alloys and Magnesium Alloys 
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a Analyses by the cooperating mamifacttirers, unless otherwise indicated. The altrminum alloys vzere 
. £inalyzed hy the Aluminum Contpaiiy of America; the magnesiiam alloys, oy the Dow Chemical Company. 
^The Alclad coating contained 0.06 percent Si, 0d7 percent Fe, 0.09 percent Cu, "balance alimainum. 
c Used for 1- by 4-inch strips. 

^Analyses by the Kaval Aircraft Eactory. Elements, except copper and alurainum, were determined 
spectroscopically. 

e Values exceeding 89 percent were obtained by difference. 



TABLE II. Eeat Treatments of the Aluminum Alloys 



(All heat treatments were performed "by the cooperating manuf acturer, the Aluminum Company 
of America*) 
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^he numbers correspond with those in tahle I. 

All rivets were reheat- treated once, after anodizing and "before driving, to permit forming of 
driven heads. 
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TABLE III. Paint Schedules? Used for Protective Coatings 



on Aluminum and Magnesium Alloys 
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a Paint schedules were used as follows: 1-4, on aluminum alloys only; 5-6, on 
both aluminum and magnesium alloys; 11-23, on magnesium alleys only, with 
schedules from 14 to 23 applied only to Dowmetal M panels prepared by the 
k Bell Aircraft Factory. 
See table IV for the specifications to which the paints conform. 

c Aluminum-pigmented , l/2 pound per gallon, with No. 1571 Aloron Extra Fine 
Lining Paste conforming to Navy Specification 11211., Type B. This product 
was the one used on all aluminum-pigment ed varnishes except those indi- 
cated by footnote f. 

^Aluminum-pigmented , l-l/2 ounces per gallon. 

e Alumixrun .-pigmented , 1-1/4 pounds per gallon, Then used on aluminum alloys, 
and 1-1/2 pounds per gallon, when used on magnesium alloys. 

1 Aluriiinur- pigmented with *±22-::esh Aloron Extra Fine Fowder conforming to 
Navy Specification 52A1, Type B, 

^Orange-yellow pigmented with cadmium lithopone. Lacquer contains a max- 
imum of 12-percent nitrocellulose, a minimun of ^8-percent resin, and a 
minimum of 40-percent pigment. 

Clear lacquer applied only to polished surfaces. Coats air dried on some 
panels and oven dried on others. 
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25 



Faint 
schedule 


Coat 


r 

Designation in 
figures* 3 


Faint 
schedule 




12 


1 




Bakelite XE-8483 


1 P 
± o 


1 




2 




Bakelite XE-8483 e 




2, 3 




3 » 


4 


Bakelite XE-3944 






13 


1 




Dulux 


F-63-X-48013 


19 


1 




3, 


3 


Dulux 


VC-779 e 




2, 3 


14 


1 




Berry 


Bros. P27 


20 


1, 2 






3 


Berry 


Bros. Ll2 f 
















21 


1 


15 


1 




Berry 


Bros. F27 




2, 3 




2, 


3 


Berry 


Bros. L12 g 
















22 


1 


16 


1, 


2 


Berry 


Bros. Ll2 h 




2, 3 


17 


1 




Berry 


Bros. P27 


23 


1 




2, 


3 


Berry 


Bros. L12a 




2, 3 



Designation in 
figures 0 



Berry Bros. F27 
Berry Brrs. Ll2a^ 



Berry Bros. P§7 
Di Noc 2122 1 ■ 1 

DI x\toc 2122 h ' 1 

Berry Bros. P27 
Berry Bros. E4D° 

Berry. Bros. F27 
Berry Br^s. E5D P 

Berry Bros . P27 
Berry Brcs. VlOc^ 



^Schedule used on alumi&w-alloy panels to which stainless-steel strips 
were joined for. the study of insulation at faying surfaces. 

■'Schedule used only on magnesium-alloy panels prepared for the investiga- 
tion of rivets. 

^Alun.inurr— pigmented , 1 pound per galltn*' 

^ Coats air dried on some panels and each oaked 1 hour at 250° F. on others, 
m Schedule used only on magnesium-alloy panels prepared for the investiga- 
tion of welds* 

n Schedule used also cn panels on which magnesium alloys were in contact 
with dissimilar metals. 

e A 32-gallon varnish, resin net specified, with a minimum of 48-percent 
pigment consisting entirely of lead chramate. 

p Navy-gray pigmented with 48-percent titanium, dioxide, 48-percent zinc, 

and 2-percent lampblack • 
q Some panels pigmented as in footnote f , others not pigmented- 



TABLE IV, The Paints and Varnishes Used, and the Specifications to Which the products Confom 



Trade name 


Used in 
paint a 
schedules 


Navy 
specifi- 
cation 


Cha r a c t e r i s t i c c 


Berry Eros. Berryloid Zinc Chromate primer 
316-A 

Berry Bros. Berryloid Zinc Chromate primer 

Dupont Duliix Zinc Chromate Primer 

P-63-X-48013 
oxi^x wx.11— wi±±iams Zjinc onromaue i j rimer ooy^o 


1,2,3,4 
14,15,17-19, 

13 • 

( 


P27b 
P27 

P27b 
P2 /a 


Have a minimum nonvolatile of 60^ 
containing about 45$ vehicle and 
55$ pigment. Resin not specified. 
Pigments contain a minimum, of 85$ 
zinc chromate arid a maximum of 15^ 
magnesium silicate. 


Wat son- Standard Co. Special Eowmetal Primer 


8,9, K 


c 

P27 




Bakelite Anti-Corrosive primer XS-8483 


11, 12 


e 

P27 c 


Has approximately 46^ phenol formal- 
dehyde resin, 39;> zinc chromate, 
7f 0 mica. 


BrooV*lvn Vpwni Q"h P,n- Ynnr*i T>— 1 A. UHnpr 

jjx uwr-x^y ix veil iiioii \j\J m IYclU_L X. X — JT-L -Li.it/ X 


0 




A 33«-gaUon, phenol formaldehyde 
varnish, with a minimum of 28^ 
resin. Pigment contains 33^ zinc \ 
chromate, 67f£ iron oxide. 


Pratt 8c Lambert No* 10 Aliiminiim Mixing 
Varni sh 


2, 6 


52715b 

i 


j 

A long oil, 66-gallon varnish, with 
resin a mixture of rosin ester and i 
rosin, and a nonvolatile of about 1 

0~ jo j 

» 

I 



lumbers correspond to those in table III. 
n 

Products do not conform strictly to the Specification listed frit are of a similar type. 



TABLE I? (Continued) 



Tro.de name 


Used in 
paint a 
schedules 


r 

Kavy 
specif i- 
cation 


Characteristics 


Dupont Dulux VC-779 Varnish 

Bakelite Marine Spar Varnish XE-6440 

Berry Bros. Spar Tarnish 

Brooklyn Varnish Co. $Fo« 74, Spar Varnish 


4,5,13 
11 
23 


VlOd 
VlO 
. VlOc 

v luu. 


C3-gall on varnishes having a rin- 
inun nonvolatile of 60% which in 
turn contains a minimum of 28$ 
phenol formaldehyde resin. 


Bakelite Marine Spar Varnish XE-3944 


12 


V10 C 


A 12-1/2 gallon, phenol formalde- 
hyde, varnish. 


Dupont Dalux KC-147 Varnisn 

Berry Bros. Glyceryl phthalate Varnish 9299 


3 
7 


Vll 

ma 


Have a minimum nonvolatile of 44^, 
containing in turn a minimum of 
40$ glyceryl phthalate resin. 




• 




A 33-gallon varnish, resin not 
specified, with a minimum of 48$ 
pigment consisting entirely of 
lead chr ornate. 


r 

Berry Bros. S5D Havy-G-ray Enamel 


• 

22 


E5D 


Has a minimum of 25$ glyceryl 
phthalate resin and 25$ pigment, 
with a maximum of 50^ volatile. 


Berry Bros. L12 Lacquer 


14,15,16 


L12 


A nitrocellulose lacquer. • 


TJSnT 1 ay f»n _ T.1P^> T\r>r»rmoT» 

Berry Bros. I?12a Lacquer 


"1 
X 

17, 18 


Ll/da 
L12a 


Contain a minimum nonvolatile of 
30$, consisting of 20$ maximum 
nitrocellulose, cOfc minimum 
glyceryl phthalate resin* 


Berry Bros. Di-Noc 2122 Lacquer 
1 . — j 


19, 20 




Ingredients not furnished. 



lumbers correspond to those in table III. 

c Products do not conform strictly to the Specification listed hut are of a similar type. 
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TABLE Y. Cherr.ical Composition of the Cold-Rolled 
Stainless Steel Sheets 

(Analyner made "by the cooperating manufacturer, the American 
Steel and TTire Company. Ultimate tensile strengths of the 
materials ranged from 150,000 to 175,000 pounds per square 
inch . ) 























Item 


Designa- 
tion $xt 


Com- 
mer- 




Chemical * composition - percent 




figures 
25-27 


cial 
type 


• Cr 


Hi 


C 


Mn 


S 


p 


Si 


. Others 


1 


3.7 Mo 


316 


17.91 


11.08 


0.03 


1.41 


0.006 


0.015 


0.364 


Mo 3.67 


2 


.5 Ti 


321 


. 17.56 


9.12 


-.07 


.41 


.008 


.015 


.463 


Ti .50 


3 


.5 Cb • 

• 


347 


17.84 


S.90 


.08 


.46 


.007 


.015 


.200 


Cb .53 


4 a 


• 8 CD 




18.36 


8.35 


.03 


.40 


.020 


.010 


.42 


Cb .80 


5 


18-8 


302 


17.8 

j 


7.30 


.10 


.59 






.45 




6 


19-9 


306 


19.99 


£.82 


.09 


.49 


.010 


.013 


.271 




7 


contacts 


304 


18.54 


8.17 


.07 


.54 


,012 


.007 


.434 




8 


16-1 




17. 7C 


J. • 'Z 


.08 


.72 


.021 


.012 


.518 




9 




• | 


18.3 


8.4 


.03' 


.33 










10 




316 


17.79 


10.72 


.05 


1.27 


.012 


.011 


.54 


Mo 2.70 


11 




317 


18.80 


13.70 


.07 


1.68 


.014 


.008 


.29 


Mo 3.60 



a Heat^a^ed to 180,000 pounds per square inch. 



Material furnished "by Sharon Steel Company and used for panels 
on which it was insulated from various aluminum alloys. 




TYPE I TYPE 2 TYPE 3 

Figure 1.- Types of panel used in the exposure tests, type 1 panels were designed for investigating the 

corrosion of rivets or paint coatings; type 3, for welds; and type 3, for dissimilar metals 
in contact. All dimensions are in inches. 



S3 
> 

o 




Figure 3,- Views of a model showing details of the method used for suspending ^ 
panels in the tidewater exposure racks. w 




Figure 4,- Rivets used on anodiied S4ST alloy panels exposed to tidewater*. Hote the severe corrosion on 
anodited A17ST and 53ST rivets, and the relatively slight attack on anodised 17ST rivets* In 



thie, and all of photographs which follow, the lar^e letters at the right apply to the entire horizontal 
rows, while those at the tops or bottoms apply to the entire vertical rows, x 1 
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Fig. 5 




Figure 5.~ Rivets used on panels of Alclad 24ST, 53ST, and 52S-1/2H alloys 
exposed to tidewater. None of the rivets are corroded, x i/ z 
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Note:- Strips are same albf 
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J> s J J, 
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j j> # > I 

52S-sH^ * 



o 



►3 

o 



o 



as 

o 

CD 
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Figure 6.~ Hi vets used on various alurninunwal^oy panels exposed to the weather. The rivets on ^ 
anodised 24ST aTloy that were severely attacked in the tidewater tests (fig* 4) £ 
show very little attack here, x 1/2 



» 




Figure 7,- Rivets on Dowmetal U panels exposed to tidewater. The AM55S rivets proved far 

superior to the others and the panels on which they were used were likewise the 
least attacked. The effectiveness of the paint coatings in preventing attack is noteworthy, x Vz 

ft 



o 




Figure 80- Rivets on Dowmetal M panels exposed to the weather. The AM55S rivets again show the 
least attack. Corrosion in general was much less severe than in the tidewater tests 
(fig. 7). xVfe 
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I Figure 9.- Welded pluminum-alloy panels exposed to tidewater* Note the absence of corrosion on the gas 

welds, and the relatively slight amount present on the spot welds* On the spot welds f the 
I alloy within parentheses was joined to the one pictured. The surface shown la the side on which the 
greater attack occurred on the welds* x 1 
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Figure 10.- Welded aluminum-alloy panels exposed to tidewater. The seam welds are somewhat more 

attacked than the spot welds, the worst corrosion being present on the 53ST sheet alloy. 
The dark color of some of the welds was caused Toy the copper electrodes used for welding, x 1 
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Figure 11,- Welded altuninum-alloy panels exposed to the weather. The attack was more severe, on both 
types of weld f than in the tidewater tests (fig. 10), x 1 



(ft 



TIDE-WATER- ! VEARlCl WEATHER*?! MONTHS 



(ft 

Figure 12. ~ Welded Dowmetal M alloj panels exposed to tidewater or to the weather. The spot welds were 

very susceptible to attack, but the gas welds were quite resistant, x 1 £ 
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Figure 13.- Panels exposed to tidewater and having various aluminum alloys in contact with each other. 

Note the absence of corrosion products around the ed^es cf the strips, except for a slight 
amount on the 52S-1/2H panels with the Alclad 24ST strip, x 1 
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Figure 14,- Panels exposed to tidewater and having 2*ST material in contact with other aluminum alleys 

which were anodic to it. Uote the very pevere pitting on the 523-1/2H strip and the 
differences in behavior depending on which alloy had the greater area, x 1 
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n 



Figure 15.- Panel* exposed to tidewater or the weather and having aluminum alloys in contact with 

cadmium- and sine -pie ted X-4120 S.A.E, steel strips. The sine coating was attacked in 
all cases, but the cadmium, Joined to alloys 5PS-1/PH and wa& practically unattacked. xVz 
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Figure 16,- Panels exposed to tidewater or the weather and having aluminum alloys in contact with 
stainless steel. The aluminum alloys were severely attacked, with the least corrosion 
occurring on the 52S-1/2H and 53ST alloys, The attack: was much less cev« re when the area of the 
aluminum alloy was large as compared with that of the 3teel, x i A 
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Fig. 17 




Figure 17.- Panels exposed to tidewater and having aluminum-alloy stripe 

in contact with varioue nickel alloys. The aluminum alloys 
were anodic and were severely attacked, x 1/2 
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Figure 18, - Unpainted panels exposed to tidewater and having aluminum and magnesium alloys in 

contact. The potential differences were high and the alloys initially constituting 
the strips practically all disintegrated* The aluminum alloys wert catho&ic hut were in turn 
attacked by the corrosion product resulting from attack of the magnesium alloys, x Vk 
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Figure 19.- Painted panels exposed to tidewater or the weather and having aluminum and magnesium 
alleys joined together. The insulating effect of the paint appreciably retarded 

corrosion, especially in the weather-exposure tests. Potential differences were highest between 
the magnesium alloys and the 84ST and Alclad 24ST aluminum alloys. xVz 




^^^0^ DOWMETAL ^f^-^^A 
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Figure 20.- Panels exposed to tidewater or the weather and having magnesium alloys in contact 
with each other or with stainless steel. The potential differences involved were 

higher than for any other contacts investigated, and the magnesium alloys were very rapidly 
attacked wheta next to stainless steel, Dowznetal U proved ancdio to Dcrvxnetal 5* Painting afforded 
considerable protection, especially in the wet the* exposure tests, x Vz 
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Figure 21.- Anodically treated 24ST panels exposed to tidewater or the weather with various 

protective paint coatings. Although the coatings all afforded excellent protection 
under the severe conditions, failure has begun, in the tidewater te8ts,on the L12a lacquer and 
on the 52V15 varnish on a P23 primer, x Vz 



Figure 22.- Magnesium-alloy panels exposed tc tidewater with various protective paint coatings. 

The schedules having the BpJcelite XE3944 or the Brooklyn 74 varnishes over a P~27 
primer afforded excellent protection. Note the difference in behavior of various coatings 

conforming to Navy Specification V10, The chrome-pickle surface treatment proved somewhat mere 
effective than the anodic treatment on the Dowmetal H panels. * Vz 
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P27 primer, unless indicated. 
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Figure 23.- Magnesirar-al lay panels exposed to- the weather with various protective paint coatings. 

Note the inferiority 0 f the unpigmented paints, especially those applied to polished 
surfaces, as evidenced by numerous pin-point areas of corrosion prod\ict formed beneath the coatings. 
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Figure 24.- Magnesium-alloy panels exposed to the weather with various protective paint coatings 

applied over chrome-pickled or anodized surfaces. Failures occurred on all these 
panels. The Navy gray coatings chalked badly. The anodic treatment proved somewhat superior to the 
chrome-pickle treatment, hut not enough so to be of much practical significance, x V z 
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Fig. 25 
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Figure 25.- Relative efficiencies of various materials 
used as separators (fig. 3) for suspending 
stainless-steel panels in the tidewater tests. Column 
A panels were suspended by the four -point method; 
Column B panels were in contact with the supporting 
medium over an area approximating 1 square inch. All 
panels shown were exposed for 1 year. Note the 
superiority of the point method of suspension, x 1 



Figure 26.- Stainless-steel panels of various compositions, exposed to the weather. Note the prevalence 

of rust that formed in thin, hut adherent layers and tended to be worse on the welds than on 

the rest of the panels. The steel containing molybdenum proved appreciably more corrosion resistent than 
the others, xl 
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Figure 27.- Stainless-steel 
panels exposed 
to tidewater for one year. 
The attack was much lees 
severe than in the weather- 
exposure tests (fig. 26) 9 
but the 16-1 chromium- 
nickel alloy again proved 
the most susceptible to 
attack, x V z 
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